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FIG. 1. (Color online) The template bank used by the O2 Gst-
LAL o✏ine search in component mass space.The templates
representing the di↵erent astrophysical populations are shown
in green for BNS, blue for BBH, and red for NSBH.

BNS templates cover the same component mass and di-
mensionless spin magnitude range as the o✏ine bank.
However, an additional restriction employed in total mass
(M > 150M�) resulted in di↵erent component mass
ranges for NSBH and BBH templates for the online tem-
plate bank. The maximum allowed total mass is 150M�,
to remove high-mass templates which correspond to short
waveforms that recover short transient noise fluctuations
(glitches) at a high rate.

FIG. 2. (Color online) The template bank used by the O2
GstLAL online search in component mass space. The tem-
plates representing the di↵erent astrophysical populations are
shown in green for BNS, blue for BBH, and red for NSBH.

B. Construction of the O2 bank

The construction of a template bank relies on a num-
ber of parameters, including the selection of a representa-
tive noise power spectral density Sn(f) and appropriate
waveform models, the waveform starting frequency flow,
the placement method, and a specified minimum fitting
factor criteria [46–48] for all templates in the bank.

The minimum fitting factor describes the e↵ectualness

of a template bank in recovering astrophysical sources.
To define this quantity, we note that the matched filter
output is maximized when a template waveform exactly
overlaps the signal waveform. This optimization is im-
possible in practice, however, since the template bank
samples the parameter space discretely while astrophys-
ical sources arise from a continuum. Regardless, it is
useful to quantify the degree to which two waveforms,
h1 and h2, overlap. The overlap is defined as the noise-
weighted inner product integral [46]:

(h1|h2) = 2

Z 1

flow

h̃1(f)h̃⇤
2(f) + h̃⇤

1(f)h̃2(f)

Sn(f)
df, (1)

where flow was set to 15Hz, as motivated by the noise
power spectral density described in Section II B 1.
The match between two waveforms is then defined as

the noise-weighted inner product [46, 47], maximized over
a set of parameters denoted by �. For precessing signals,
this overlap calculation considers only the (2,2) mode and
maximizes over the template’s coalescence phase, polar-
ization and sky position while the overlap calculation for
the higher order mode waveforms maximizes over only
the polarization and sky position.

M(h1, h2) = max
�

(h1|h2(�)) (2)

This defines the percent of signal-to-noise ratio (SNR)
retained when recovering waveform h2 with the (non-
identical) waveform h1. Then, the fitting factor is the
related quantity used in describing the e↵ectualness of
template banks:

FF (hs) = max
h2{hb}

M(hs, h) (3)

where hb is the set of templates in the bank and hs is
a signal waveform with parameters drawn from the con-
tinuum. For the aligned spin waveforms, the FF is cal-
culated by maximizing the noise-weighted inner product
only over the templates. The fitting factor describes the
fraction of SNR retained for arbitrary signals in the pa-
rameter space covered by the bank. Typically, compact
binary coalescence searches have required a fitting factor
of 97% to ensure that no more than ⇠ 10% of possible
astrophysical signals are lost due to the discrete nature
of the bank. As described in Sect. II B 3, we use a hierar-
chical set of fitting factor requirements to construct the
bank.

1. Modeling the detector noise

The noise power spectral density (PSD) as shown in
Fig. 3 was used to compute the overlap integrals in the
construction of the O2 template bank. This projected O2
sensitivity curve was produced by combining some of the
best LIGO L1 sensitivities achieved before the start of


